The use of an optically thin indium-tin-oxide (ITO) electrode is presented for an optoelectric biosensor simultaneously recording optical images and microimpedance to examine time-dependent cellular growth. The transmittance of a 100 nm thick ITO electrode layer is approximately the same as the transmittance of a clean glass substrate, whereas the industry-standard Au ͑47.5 nm͒ /Ti ͑2.5 nm͒ electrode layer drops the transmittance to less than 10% of that of the glass substrate. The simultaneous optoelectric measurements permit determining the correlation of the cell-covered area increase with the microimpedance increase, and the example results obtained for live porcine pulmonary artery endothelial cells delineate the quantitative and comprehensive nature of cellular attachment and spreading to the substrate, which has not been clearly perceived before.
Indium-tin-oxide (ITO) is an electrically conductive mixture of indium oxide ͑In 2 O 3 ͒ and tin oxide ͑SnO 2 ͒. It is transparent and colorless in thin layers, while it is yellow to gray in bulk form. ITO thin films are mainly used to make transparent conductive coatings for electronic displays (LCD, flat-panel displays, and plasma displays), touch panels, and solar cells [1] . Benefiting the combined optical transparency and electrical conductance of ITO thin films, this study describes the development of an optoelectric biosensor that allows simultaneous correlation of optical live cell imaging with cellular microimpedance characterization.
In quantifying cellular adhesion and barrier function, one widespread methodology is based on monitoring microimpedance variations using a gold electrode [2] . The underlying principle assumes that the level of cell-cell and cell-matrix attachment is a function of the electrical impedance [3, 4] . This conjecture has not been thoroughly examined because of the lack of information on dynamic cellular imaging, mainly attributed to the nontrivial opaqueness of the gold electrode (approximately 50 nm thick for industry standard), which transmits only less than 10% of the incident light and does not allow simultaneous cellular imaging.
Furthermore, the dynamic imaging of live cells will allow a more comprehensive understanding of cellular physiology, including cell-cell adhesion, cellsubstrate adhesion, and cellular membrane properties. Optically thin ITO, which is also stable in electrolyte cell culture solutions, makes for an attractive alternative to gold as an optoelectric biosensor [5] . While ITO has substantial potential in probing cellular barrier function to both optical and electrical data correlations, few studies have examined the optical functioning and performance of ITO as a cellular optoelectric sensor [6] .
This study describes the optical transmittance and imaging performance of ITO thin films as an optoelectric biosensor. Also presented is the digital image analysis of evolutionary images of live porcine pulmonary artery endothelial cells [7] (PPAECs) on ITO electrodes in correlation with the simultaneously measured microimpedance profiles. Figure 1 shows normal transmittance, calculated for bare slideglass ͑I͒ and Au ͑47.5 nm͒ /Ti ͑2.5 nm͒ coated slideglass (II) and measured for bare slideglass (III), 100 nm ITO-coated slideglass (IV), 500 nm ITO-coated slideglass ͑V͒, and Au/ Ti-coated slideglass (VI). The transmittances are measured using a Cary 5000 UV-Vis-near-infrared (NIR) spectrophotometer (Version 1.9, Varian) that consists of a double Littrow monochromator, two beam path holders (one for reference and one for sample), PbS/ InGaAs detectors, and covers from UV ͑200 nm͒ to NIR ͑800 nm͒ at intervals of 1 nm and a scanning rate of 10 nm/ s. Fig. 1 . (Color online) Normal transmittance, calculated for bare slideglass ͑I͒ and Au ͑47.5 nm͒ /Ti ͑2.5 nm͒ coated slideglass (II), and measured for bare slideglass (III), 100 nm ITO-coated slideglass (IV), 500 nm ITO-coated slideglass ͑V͒, and Au/ Ti-coated slideglass (VI). The PCM images of PPAECs on a bare glass are comparable with the corresponding images on a 100 nm ITO-coated glass, while no discernable cellular image is available for Au/ Ti-coated glass under the same illumination intensity.
